INTRODUCTION
recommend routine screening for CRC from age 50 in averagerisk individuals with the ACG recommending consideration of screening African-Americans from age 45 1 . Screening allows removal of adenomatous polyps, thus decreasing cancer risk. It may also help in early diagnosis of established cancer 6,7 , leading to improved overall survival. However despite these benefits, the rate of CRC screening remains low [8] [9] [10] [11] [12] [13] .
Health disparities are an important public health concern with several studies documenting racial and socioeconomic disparities in screening, incidence, stage at diagnosis, and mortality 6, 8, 10, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . As physician recommendation is a key determinant of patients' acceptance of screening, adequate access may be an important contributor to disparity. Frequency of physician contact as well as time spent during individual visits may influence screening [24] [25] [26] [27] . Higher physician-perpopulation ratio may improve access, decrease waiting times and increase the opportunity for contact between the patient and physician. Compared to individuals with no physician contact, there is a nearly twofold increase in the odds of CRC screening for individuals with 1-2 physician contacts, rising to a 2.75-fold increase with more than four contacts in a year 27 .
Higher physician density has been associated with earlier stage of diagnosis of malignant melanoma 28 , lower incidence of cervical cancer 29 and earlier stage at diagnosis of breast cancer 30, 31 . There has been limited prior research examining the relation between physician density and CRC. In one study, supply of primary care physicians (PCP) negatively correlated with CRC incidence and mortality in Florida 32 . A 10-percentile increase in PCP density was associated with a 3% decrease in the odds of late-stage diagnosis 33 . However, it is likely that not just the supply of PCPs, but also gastroenterologists may be an important factor. The prior studies examining the correlation between physician supply and CRC outcomes were either conducted prior to Medicare coverage of colonoscopy for routine CRC screening in 2001 or did not specifically examine the availability of gastroenterologists [32] [33] [34] .
We performed this study with the following aims: (1) To examine the correlation between county-level physician-perpopulation ratio ('physician density') and CRC incidence, stage at diagnosis and mortality; (2) To specifically analyze the impact of density of PCPs and gastroenterologists on CRC outcomes; (3) To determine if the density of PCPs and gastroenterologists impacted CRC outcomes differentially in relation to Medicare coverage of colonoscopy for average-risk CRC screening, and (4) To determine if the physician density-CRC relationship varies by county characteristics, specifically degree of urbanization and population density.
METHODS

Study Population
Our study design was ecological and comprised county-level summary data from the state of Pennsylvania. We selected Pennsylvania as it has a high annual incidence rate of CRC (54.6/100,000), high CRC related mortality and provides a good mix of rural and urban population distribution.
Outcomes
Our primary outcomes of interest were county-level CRC incidence rate, overall and by stage at diagnosis obtained from the Pennsylvania Cancer Registry and Pennsylvania Department of Health Epidemiologic Query and Mapping System (EPIQMS) (http://app2.health.state.pa.us/epiqms/). Incidence data was obtained for the period 2004-06 for cancers involving the colon and rectum (International Classification of Diseases for Oncology (ICD-O) codes C180-C209, C260 excluding 9590-9989) and expressed as an age-adjusted rate standardized to the 2000 US census population. Age-adjusted rate was also obtained separately for early (American Joint Committee on Cancer (AJCC) Stage I and II) and late-stage CRC (AJCC Stage III and IV). Age-adjusted CRC-related mortality rate was also recorded.
To examine if the impact of physician density on CRC outcomes was different before and after Medicare coverage of colonoscopy for CRC screening in average risk individuals, we also examined the association between physician density and CRC incidence for 1997-1999.
Physician Density
The key predictor of interest was the county physician-perpopulation ratio. The count of physicians per county was obtained from the American Medical Association (AMA) physician resources file (http://www.ama-assn.org/cgi-bin/sserver/datalist.cgi, Accessed June 30, 2009) which includes both member and nonmember US physicians. The county is assigned based on the preferred professional mailing address of the physician. Physician density was expressed as the number of physicians per 100,000 population. In addition to overall physician counts, we specifically examined the density of physicians of specialties which were felt to relate closely to CRC diagnosis and management. This included PCPs (general practice, family practice, family medicine, internal medicine, and medicine/pediatrics), gastroenterologists, general surgeons and oncologists (medical oncology, radiation oncology). Physician density was examined as a linear variable for the correlation analysis and as a dichotomous variable in the regression models. Counties were classified as having low or high physician density depending on values below and above the median density respectively (Table 1 ).
Other Variables
Other predictors of interest included county-level demographic (population density, proportion of patients of black race or Hispanic ethnicity in the county), educational (proportion of residents over the age of 25 who are high school graduates) and socioeconomic (median income, proportion of residents living in poverty, and % uninsured) variables obtained from the 2000 US census (www.census.gov). Because of the co-linearity between the various socio-economic variables, we created a composite variable comprising four variables that had previously been shown to be important markers of socioeconomic status (SES) 35 (median income, % living in poverty, % uninsured, and % high school graduates). These were categorized into tertiles with 0, 1 or 2 points being assigned based on the tertile, higher points representing unfavorable distribution. A cumulative tertile sum score obtained by adding scores for each of the 4 variables and ranged from 0-8 with higher scores representing greater socioeconomic deprivation. Counties with scores of 0-3, 4-5, and 6-8 were classified as having a low, moderate, and high level of socioeconomic deprivation respectively. Counties were also labeled with the corresponding ruralurban continuum scores issued by the Office of Management and Budget (http://www.ers.usda.gov/briefing/rurality/ruralurbcon) based on the degree of urbanization and adjacency to a metro area. Counties were classified as metropolitan counties for continuum codes of 1-3 and as non-metropolitan counties for codes of 4-9.
Statistical Analysis
Data were analyzed using Stata 9.2 (StataCorp, College Station, TX). Normally distributed variables were summarized using means and standard deviations while skewed variables were expressed as medians with interquartile ranges. The ttest was used to compare continuous variables between different groups while the chi-square test or Fisher's exact test were used for the comparison of categorical variables. Pearson correlation coefficients were calculated for associations between physician density and CRC incidence after excluding one county with a skewed density of physicians that was adjudged to be an influential outlier. This excluded county was Montour county which had a PCP (802/100,000) and gastroenterologist density (85/100,000) far in excess of the range for the other counties (PCP 0-194/100,000; gastroenterologists-0-13/100,000) primarily related to the small population size (n=18,239). The CRC incidence in this county was comparable to the other counties. Linear regression was used to examine the relationship between the outcomes of interest and the independent variables. There was a strong co-linearity between the different physician density variables (i.e. overall physician and individual specialty physician densities); consequently only one physician density variable at a time was incorporated into each model; simultaneous adjustment for different physician specialties was not performed. A p-value <0.05 was considered statistically significant. The main analysis and the subgroup analyses were planned a priori. The multivariate models were repeated after stratification by population density and county metropolitan status. To examine the specificity of the relationship for CRC, we examined the relationship between physician density and incidence of all cancers. The study was approved by the Institutional Review Board of the Medical College of Wisconsin.
RESULTS
Study Population
Data from all 67 counties in Pennsylvania were included in our study. The mean proportion of population over the age of 65 years was 16.3%; 91.2% of the population was white ( Table 1 ). The median per capita income was $44,582; about 12% of the population lived in poverty and 13% were uninsured. The median county-level age-adjusted incidence of CRC was 54.9/100,000. This was almost equally distributed between early (28.1/100,000) and late-stage CRC (29/ 100,000). The CRC mortality rate was 19.6/100,000. There was a median of 189 physicians per 100,000 population (interquartile range (IQR) 138-313/100,000). PCPs formed the largest proportion with a median of 71/100,000 (IQR 61- The association between density of PCP or gastroenterologists and late-stage CRC incidence was seen predominantly in nonmetropolitan counties or those with low population density ( Table 3 ). On multivariate linear regression, non-metropolitan counties with a high gastroenterologist density had significantly lower incidence of late-stage CRC (-4/100,000, a reduction of 14%); this difference was not seen in metropolitan counties. Similarly, low population density counties had lower incidence of late-stage CRC by 5/100,000 (a reduction of 17%) when they had at least 3.3 gastroenterologists/100,000 population compared to low population density counties with a lower gastroenterologistper-population ratio. Figures 1 and 2 demonstrate the above interactions graphically. Low population density counties differed from high population density counties in that they had a lower proportion of patients of black race, Hispanic ethnicity, a lower median per capita income and a higher proportion of patients residing in poverty or without health insurance (data not shown). For the time period 1997-1999, gastroenterologist density was not associated with all CRC, early or late-stage CRC incidence. In contrast to the significant correlation between gastroenterologist supply and late-stage CRC incidence in nonmetropolitan counties during 2004-06 (after Medicare coverage), there was no similar correlation prior to Medicare coverage of colonoscopy for routine screening (rho -0.22, p=0.21) (Table 4) . However, the relationship between PCP density and late-stage CRC incidence in non-metropolitan counties remained borderline significant during 1997-99 (rho -0.31, p=0.07), suggesting that gastroenterologist density has become a more significant factor after approval of Medicare coverage of colonoscopy for routine screening.
Predictors of High Physician Density
Compared to counties with low SES deprivation, those with moderate (2.8, 95% CI 0.09-5.52) and high deprivation (3.05, 95% CI 0.45-5.65) had higher incidence of late-stage CRC, but were no different in overall or early-stage CRC incidence. Neither gastroenterologist (-1.39, p=0.2), PCP (-0.90, p=0.4), nor oncologist density (-1.43, p=0.2) were predictive of lower CRC mortality rates. This remained true on subgroup analyses. There was also no correlation between county racial distribution and overall or stage-specific incidence of CRC.
Sensitivity Analysis
We found no correlation between physician density and incidence of all cancers overall or by stage. Gastroenterologist density did not correlate with all-cancer incidence suggesting that the association between PCP / gastroenterologist density and late-stage CRC incidence was specific for CRC. Inclusion of obstetrics and gynecology physician density within the category PCP did not significantly change the correlation coefficients of overall or stage-specific CRC incidence.
DISCUSSION
Access to physicians may be an important determinant of health outcomes 36 . In this ecologic analysis using data from the state of Pennsylvania, we demonstrate that high density of PCP or gastroenterologists (but not overall physician density) is associated with 14-17% lower incidence of late-stage CRC. However, this relationship appears to hold true predominantly for rural counties or those with low population density.
Several authors have examined the relationship between physician supply and health outcomes. Higher physician supply was associated with lower mortality rates in some, though not all studies 37 . Three prior studies have examined the relationship between physician supply and CRC [32] [33] [34] .
Shipp et al. found that an increase in the number of physicians/1000 population was associated with a modestly higher rate of CRC (relative risk 1.14) 34 . In contrast Roetzheim et al. showed that higher PCP density negatively correlated with both CRC incidence and mortality 32 . The same authors also found that for each 10-percentile increase in PCP supply, the odds of late-stage CRC diagnosis decreased by 5% 33 .
However, the converse was true for specialists, with an increase in late-stage CRC diagnosis with each 10-percentile increase in specialty physician-per-population ratio. Density of gastroenterologists did not correlate with stage at diagnosis in their study. Our findings of the association between PCP density and late-stage CRC incidence is consistent with the findings of these two latter studies 32, 33 . The novel finding of the association between gastroenterologist supply and late-stage CRC incidence in our study compared to prior studies 33 may be due to Medicare coverage of colonoscopy for average-risk CRC screening beginning in July 2001. Since this coverage, there has been increasing use of endoscopic modalities for CRC screening 8, 10 . In a prior study, Ananthakrishnan et al. 39 . A reduction in CRC mortality with use of screening colonoscopy has also been demonstrated 40 . It is possible that with this present trend, gastroenterologist availability also becomes important in determining CRC incidence and outcomes. The reduction in late-stage CRC incidence in counties with higher physician supply could have a few explanations. The specificity of our finding a negative association between late-stage CRC incidence and PCPs/gastroenterologists density, but not overall physician density suggests that availability of these two physician groups most likely to be involved in screening or early detection of CRC is an important factor. This is further supported by the fact that after the initiation of Medicare coverage of colonoscopy for average-risk CRC, gastroenterologist density became more strongly associated with reduced late-stage CRC incidence than prior to such coverage. Physician recommendation is an important determinant of CRC screening [24] [25] [26] with individuals with more frequent physician contact being more likely to undergo screening 27 . Inadequate physician time with the patient is another barrier to screening 25 . As county-level rates of CRC screening are not available for each county in Pennsylvania, we were unable to examine the impact of differential screening rates. Given the generally lower rates of CRC screening compared to other preventive health services, differences in screening are unlikely to be the sole factor. In addition, given the known timeline for development of CRC, changes in screening practices after 2001 are unlikely to be the sole determinants of changes in . Higher physician supply may also result in earlier care care-seeking behavior for patients with symptoms suggestive of CRC, resulting in early diagnosis.
It is interesting that the relationship between gastroenterologists/PCP supply and late-stage CRC differed by metropolitan status and population density. Studies examining the availability of PCPs in urban areas identified weak correlations with health outcomes 41 while the link appeared to be stronger in some, but not all studies, examining rural health care. Pathman et al. found that higher number of persons per physician in each county was associated with longer travel times but no other significant barriers to care 41 with no difference in the utilization of preventive health services. However, among patients who were covered under Medicaid or were uninsured, lower physician-per-population ratio was associated with lower satisfaction with care and difficulty in contacting medical personnel. Intuitively, it stands to reason that in rural areas with a scattered population, there may be longer travel times to physician offices in counties with a low physician-per-population ratio resulting in longer waiting times. Reduced access to PCP or gastroenterologists in these counties may also delay CRC screening, surveillance, or diagnostic evaluations in those with symptoms and consequently a higher incidence of late-stage cancer. In urban counties, physician density may be above the threshold for such relationships to hold true and no longer acts as a rate-limiting step. It is also interesting that the relationship with physician supply did not hold true for overall CRC incidence or mortality. There a few potential explanations for this finding. In prior studies, having had a screening endoscopy was associated with a lower risk of only late-stage diagnosis (odds ratio (OR) 0.46, 95% CI 0.22-0.98) 6 . Gross et al. demonstrated an association between increasing colonoscopy use with earlier stage at diagnosis for proximal but not distal colon lesions 7 .
Our study has a few limitations. Ecologic analysis assigns the same characteristics to each individual residing within the county. County-level socioeconomic characteristics may not represent the SES of the individual. However, we believe that measures such as availability of or access to physicians, our primary variable of interest, are more meaningful when measured over a wider geographic area. Performing such analysis at the level of zip code or census tract may be fallacious as individuals are unlikely to restrict their care to physicians within their zip codes of residence. We also did not have information on location of CRC or county-level CRC screening rates. While the Behavioral Risk Factor Surveillance System and the National Health Interview Survey track overall screening rates in the US and in select population areas, there is currently limited mechanisms for obtaining county-level screening rates for each county for any state in the US. We believe that it is important to develop such county-level or other smallgeographic area level databases to track various health behaviors in order to identify high-risk populations. Another limitation of our analysis is the inability to adjust for some known individual risk factors for CRC including obesity and smoking status though adjusting for county level proportion of smokers did not influence our estimates. It is possible though unlikely that the above variables vary systematically enough with physician density to influence our results.
There are several implications to our study. Recent concerns have been raised about the potential shortage of physicians 42, 43 . The Lewin group projected that by the year 2020, there might be a shortage of between 1000-1500 gastroenterologists nationwide in the US 44 . By demonstrating a relationship between countylevel physician supply and late-stage CRC incidence, our study supports these concerns. It is important to recognize that the increase in physician supply may need to be targeted to nonmetropolitan counties (comprising 12.6% of the state population) or those with low population densities (comprising approximately 12.7% of the state population). In urban counties, physician supply was not an important determinant of CRC incidence; increasing the physician-per-population supply in such counties may consequently have a limited impact. In rural counties with a population that is sparse and more spread out, availability of PCP and/or gastroenterologists may be important in reducing CRC incidence. However, it is almost important to remember that physician density represents only availability of healthcare but does not take into account affordability or acceptability of CRC screening practices 45 . Physician density may have a limited impact on CRC incidence and outcomes if the other barriers to healthcare are more dominant factors.
In conclusion, we demonstrate that higher density of PCP and gastroenterologists is associated with a 14-17% decrease in the incidence of late-stage CRC with this association being seen predominantly in non-metropolitan counties or those with low population density. This suggests that measures aimed at increasing physician supply to decrease disparity in CRC incidence and outcomes should target such underserved areas.
